A retrospective cohort study was conducted to compare fusion rates achieved by Hgrafts, posterior vertebral grafts, and no graft for the surgical treatment of thoracolumbar fractures. Ninety-two patients were included in this study. The patients fell into 1 of 3 groups: those who received H-grafts (nϭ36), posterior vertebral grafts (nϭ30), and no graft (nϭ26). Mean follow-up was 38 months (range, 24-51 months). All operations were performed by a single senior surgeon. All patients underwent operative treatment with posterior reduction and instrumentation. Radiographic parameters, estimated blood loss, operative time, and length of hospital stay were compared among patients in the 3 graft groups. Differences were assessed using unpaired t tests. P values Ͻ.05 were considered signifi cant. We found no signifi cant difference among groups in age, fracture location, or type of fracture. Patients who received H-grafts or posterior vertebral grafts achieved solid fusion, but spontaneous fusion occurred in only 2 patients who received no bone graft. Most patients with neurological defi cits showed signifi cant neurological improvement. Operative time and estimated blood loss were signifi cantly lower in the no-graft group than in the H-graft and posterior vertebral graft groups (PϽ.05). Mean loss of correction, operative time, and estimated blood loss were lower for patients who received H-grafts than for those who received posterior vertebral grafts (PϽ.05). The use of an atlas fi xation system in combination with a posterior H-graft for the treatment of thoracolumbar fracture is a stable and reliable method that effectively prevents inner fi xation failure and reduces bone loss and anisotropy.
T he goals of thoracolumbar fracture treatment are the restoration of vertebral column stability and the attainment of spinal canal decompression. The treatment of thoracolumbar burst fractures is a controversial issue because the relative effectiveness of surgical and conservative approaches remains unclear. Moreover, the most stable approach to surgical treatment has been debated. Three general approaches have been used for surgical treatment. 1, 2 The anterior approach provides good decompression and solid fusion, but the operative risk is higher than it is for the other 2 approaches. 3 The posterior approach allows a safer exploration of the surgical site, 4 but instrument failure and kyphosis recurrence rates are relatively high. 5, 6 Combined anterior and posterior approaches may be ideal, but the operative time is longer than for either approach alone, and the surgical dissection is more extensive. 7, 8 The atlas fi xation system (Medtronic Sofamor Danek USA, Inc, Memphis, TN) has been widely used to reliably reestablish normal thoracolumbar lordosis. 9 This posterior fi xation system consists of positively and negatively threaded connecting rods and casings, an atlas fi xation screw, and a cross-connecting rod and nut. The fi xed angles of the positive and negative ends of the threaded connecting rod allow the restoration of injured vertebral height and the reconstruction of spinal curvature.
Since the introduction of this system, various techniques have arisen for the management of thoracolumbar burst fractures. 10, 11 Bone grafts are widely used in the reconstruction of osseous defects. Although bone substitutes have been shown to achieve the required amount of hard tissue augmentation, autogenous bone grafts are generally obtained from the ilium or rib. The use of this method can guarantee that a suffi cient quantity of high quality bone is obtained for the graft and that the donor site heals readily. 12, 13 However, the suitability of bone grafts for the treatment of thoracolumbar burst fractures and the best grafting method for this purpose remain in question. 14, 15 To address these uncertainties, we conducted a retrospective study of patients treated for thoracolumbar burst fractures between March 2003 and March 2009 at Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China. From 2003 to 2006, the surgeon (H.W.) sought to maintain a favorable range of motion (ROM) by using the atlas fi xation system with no grafts for most thoracolumbar burst fractures, and combined this treatment with the use of posterior vertebral grafts to increase stability in older patients (Ͼ50 years). However, because clinical data showed that grafts could obtain better therapeutic effi cacy, the number of posterior vertebral graft procedures increased in 2007, and H-grafts were used in some severe cases. By March 2009, the H-graft procedure was frequently used.
This study sought to compare the clinical results of techniques that combined the atlas fi xation system with no grafting, posterior vertebral grafting, and H-grafting to treat burst fractures of the thoracolumbar spine. We hypothesized that the stability of the spine could be maintained regardless of bone graft use, and that posterior vertebral grafting and non-grafting techniques would not result in increased loss of correction or worse clinical outcomes.
MATERIALS AND METHODS

Patients
We assigned 92 consecutive patients who presented at Tongji Hospital with thoracolumbar fractures between March 2003 and March 2009 to 1 of 3 groups: those who received H-grafts (nϭ36), posterior vertebral grafts (nϭ30), and no graft (nϭ26). All patients included in the study had Ͼ24-month follow-up time, were aged 18 to 65 years, and met 1 of the following 3 criteria: (1) neurologically intact spine with Ͼ50% decrease in vertebral body height or canal compromise; (2) incomplete neurological defi cit with Ͼ50% canal compromise; or (3) complete neurological defi cit. The exclusion criteria were: (1) signifi cant organ dysfunction or other musculoskeletal injury, and (2) pathological fracture or severe osteoporosis. All patients provided informed consent for the use of their data in this study, and the study protocol was approved by the Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology.
Surgical Procedures
All operations were performed by a single senior surgeon (H.W.). All patients were classifi ed according to the Denis system. 16, 17 Anatomic reduction was fi rst attempted, and the results were evaluated with an intraoperative image. A standard posterior midline approach, in which atlas fi xation screws were placed 1 normal vertebra above and 1 below the injured segment, was used for all patients. All screws were connected with 2 rods bent into a lordotic confi guration. A distraction force was applied, based on the injured endplate, before tightening the set screws, and 1 cross-link was used. All patients underwent laminectomy. The wounds of all patients were closed over a suction drain using standard procedures.
H-graft surgery was performed by harvesting a 4ϫ6-cm autogenous bone graft from the left ilium, trimming it into an H-shaped confi guration, and embedding it into the spinous processes of the vertebrae above and below the fracture in an effort to Figure  1 illustrates the graft harvesting method and trimming procedure. Cortical bone was placed on the anterior surface of the spinous process to prevent spinal cord compression, and cancellous bone was placed on the posterior surface (Figure 2 ). Posterior vertebral graft surgery was performed using autogenous bone chips harvested from the laminae and spinous processes of the fi xed segments between adjacent transverse process. In the no graft group, no graft material was used, but posterior decompression was performed in cases of spinal canal stenosis due to fragment dislocation. The excised bone of patients in the H-graft and no-graft groups was discarded, and implants were removed from patients in the bone graft group only at the patient's request.
Measurements and Evaluation
The radiographic parameters of all patients were measured preoperatively, postoperatively, and at each follow-up examination. Estimated blood loss, operative time, and length of hospital stay were also assessed. Preoperative radiographic parameters ( Figure 3 ) of the sagittal curve and loss of vertebral body height were measured on plain radiographs and computed tomography (CT) scans at the time of injury. Follow-up radiographic parameters monitored differences from preoperative measurements of the sagittal curve and vertebral body height ( Figure 4 ). Sagittal curves were measured by calculating the angle between the endplates of the vertebral bodies above and below the injured segment. The percentage of height loss in injured vertebral bodies was measured on lateral radiographs. 18 Solid fusion was defi ned as unequivocal fusion visible on images. Neurological status was recorded at the time of injury, immediately after surgery, and at the 24-month follow-up using the Frankel grading system.
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Postoperative Follow-up
All patients received follow-up examinations in the outpatient department at 2 and 6 weeks and 3, 6, and 12 months postoperatively and annually thereafter. Radiographs were taken and neurological examinations were performed at each follow-up examination.
Statistical Analysis
Differences in radiographic parameters, estimated blood loss, operative time, and length of hospital stay among the 3 groups were assessed using unpaired t tests. P values Ͻ.05 were considered signifi cant. All data were analyzed using SPSS version 12.0 statistical software (SPSS Inc, Chicago, Illinois). Table 1 provides descriptive characteristics for the study sample. Of 118 hospitalized patients, 26 were lost to follow-up and were excluded from the study. Among the 92 patients (66 men, 26 women) enrolled in this study, 36 patients fell into the H-graft group, 30 into the posterior vertebral graft group, and 26 into the no graft group. The mean age of all patients was 38.1Ϯ12.3 years (range, 20-61 years) at the time of surgery. Injured segments were located between the T11 and L2 vertebral bodies (Table 1) . Clinical and radiographic data were available for all 92 patients during an overall mean of 38.9 months (range, 24-51 months) of follow-up; the mean duration of follow-up was 41.7 months (range, 26-51 months) in the H-graft group, 39.2 months (range, 27-49 months) in the posterior vertebral graft group, and 36.4 months (range, 24-47 months) in the no graft group. Follow-up duration did not differ significantly among groups.
RESULTS
We found no signifi cant difference among groups in age, fracture location, or fracture type. Solid fusion was observed in all patients in the 2 graft groups. Spontaneous fusion occurred in only 2 patients in the no graft group. The atlas fi xation instrumentation was removed at 24 months postoperatively to enhance ROM. Operative time and estimated blood loss were signifi cantly lower in the no graft group than in the H-graft and posterior vertebral graft groups (PϽ.05), and signifi cantly lower in the H-graft group than in the posterior vertebral graft group (PϽ.05) ( Figure 5 ).
Overall mean preoperative sagittal angulation was 18.6ЊϮ5.3Њ; mean angulation was 19.3ЊϮ4.2Њ in the H-graft group, 17.9ЊϮ5.6Њ in the posterior vertebral graft group, and 18.8ЊϮ5.2Њ in the no graft Figure 7) .
Fifty-six of the 92 patients (60.9%; 23 in the H-graft group, 19 in the posterior vertebral graft group, and 14 in the no-graft group) had neurological defi cits that were graded using the Frankel classifi cation system. Eighteen of the 23 patients (78.2%) in the H-graft group showed improvement at the 24-month follow-up examination, except 5 grade A patients. Thirteen patients (68.4%) in the posterior vertebral graft group showed improvement, but 4 grade A patients and 2 Grade B patients did not. Ten patients (71.4%) in the no graft group improved, but 2 Grade A patients and 2 Grade B patients did not. The proportion of patients showing improvement did not differ signifi cantly among groups (PϾ.05). Mean improvement in neurological status was 1.00 grade for the 23 patients in the H-graft group, 0.84 grade for the 19 patients in the posterior vertebral graft group, and 0.86 grade for the 14 patients in the no-graft group (Table 3 ). The degree of neurological status improvement was signifi cantly greater in the H-graft group than in the posterior vertebral graft and no graft groups (PϽ.05). Complications were encountered in 11 patients during follow-up; 5 patients in the 
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H-graft group experienced donor-site pain or discomfort that was tolerated with no medication, 2 patients in the H-graft group developed hematomas, 1 patient in the H-graft group exhibited myositis ossifi cans, and screw breakage occurred in 3 patients in the no graft group. No postoperative infection occurred (Table 3) . Signifi cantly more complications occurred in the H-graft group than in the other 2 groups (PϽ.05).
DISCUSSION
The goals of the surgical treatment of thoracolumbar burst fractures include decompression of neural elements to facilitate neurological recovery, correction of spinal deformity and fusion with rigid stabilization to prevent delayed neural injuries, maintenance of anatomical alignment, and early mobilization of the patient. 7, 20 However, the best approach to surgical treatment remains a matter of debate. 21, 22 Burst fractures causing severe (Ͼ20%) neural-canal compromise and severe vertebral deformity (Ͼ50% loss of vertebral body height) have been most frequently treated using an anterior approach combined with posterior fi xation. 23 However, this surgery is more complicated than the posterior approach and requires an experienced neurosurgeon, trauma surgeon, or orthopedic surgeon. 2, 3 Although the combined approach aims to ease neural-canal decompression and strengthen the anterior vertebral column, anterior fusion may occur after posterior fusion and stabilization because atlas fi xation causes immobility in disc spaces. 24 This retrospective study had some limitations. First, randomization could not be achieved. Second, the defi nition of fusion using conventional imaging techniques has inherent drawbacks.
The atlas fi xation system examined here involved screw fi xation above and below the fractured vertebra. However, this system serves only to support the injured vertebral body through fi xation during early fracture healing. The long-term stability of the spine depends on the biomechanical properties of vertebral reconstruction. 5, 6 Autogenous bone grafting is an accepted method of supporting canal remodeling after an acceptable reduction has been achieved. 25 We found that the use of H-grafts had 2 advantages. First, we demonstrated the ease with which the graft may be fi xed above and below the fracture to maximally reduce the lost correction of vertebral body height. Second, the H-graft creates a continuous bony-surface construct comprising cortical bone placed on the anterior side and cancellous bone We evaluated the clinical application of the H-graft by comparing it with the traditional methods of posterior vertebral grafting and no grafting. We found complications related to bone graft fusion in patients who received H-grafts, including chronic donor-site pain, hematomas, and myositis ossifi cans. These data suggest that every effort needs to be made to minimize complications during ilium grafting. Screw breakage occurred in 3 patients who received no grafts, suggesting that grafting can reduce screw breakage through osseous fusion.
To our knowledge, this is the fi rst comparison of H-grafts and posterior vertebral grafts and demonstration of the utility of H-grafts in the treatment of thoracolumbar burst fractures. The severity of deformities and fractures was determined by the measurement of sagittal index and anterior body compression preoperatively, postoperatively, and in the follow-up period. Operative time and amount of blood loss differed among groups. Posterior vertebral grafting with local bone required more operative time than H-grafting because the harvested bone had to be chipped and the cortical bone had to be burnished. The large size of H-grafts reduced trimming and buffi ng times. We observed correction loss in the posterior vertebral graft (23.3%) and no graft (46.2%) groups at the fi nal follow-up examination. Alanay et al 26 reported a high failure rate (40%-50%; Ͼ10Њ increase in local kyphosis or screw breakage) for the use of transpedicular intracorporeal grafting with short-segment instrumentation to treat thoracolumbar fractures. These results suggest that transpedicular grafting of the injured vertebral body does not effectively prevent correction loss and implant failure. Toyone et al 27 reported a mean correction loss of 2Њ for the use of transpedicular hydroxyapatite grafting with pedicle screw fi xation, a fi nding similar to our H-grafting results.
This study demonstrated that fi nal outcomes, as measured by sagittal index and anterior body compression, were superior in the H-graft group compared with the posterior vertebral graft and no graft groups. The radiographic fi ndings demonstrated that thoracolumbar burst fractures can be effectively managed using an atlas fi xation system with H-grafting. Posterior vertebral grafting and no grafting showed high failure rates. Further, posterior vertebral grafting required longer operative times and increased blood loss in comparison with H-grafting.
